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Rab7 Regulates Maturation of Melanosomal Matrix
Protein gp100/Pmel17/Silv
Akinori Kawakami1, Fumio Sakane2, Shin-ichi Imai2, Satoshi Yasuda2, Masahiro Kai2, Hideo Kanoh2,
Hai-Ying Jin1, Kuninori Hirosaki1, Toshiharu Yamashita1, David E. Fisher3 and Kowichi Jimbow1,4
Melanosome biogenesis consists of multistep processes that involve synthesis of melanosomal protein, which
is followed by vesicle transport/fusion and post-translational modifications such as glycosylation, proteolysis,
and oligomerization. Because of its complexity, the details of the molecular mechanism of melanosome
biogenesis are not yet fully understood. Here, we report that, in MMAc melanoma cells, wild-type (WT) Rab7
and its dominant-active mutant (Rab7-Q67L), but not its dominant-negative mutant (Rab7-T22N), were
colocalized in the perinuclear region with granules containing Stage I melanosomes, where the full-length,
immature gp100/Pmel17/Silv was present. It was also found that overexpression of Rab7-Q67L and, to a lesser
extent, Rab7-WT increased the amount of proteolytically processed, mature gp100. However, Rab7-T22N did not
show such an effect. Moreover, siRNA-mediated Rab7 knockdown considerably inhibited gp100 maturation.
These results collectively suggest that the GTP-bound form of Rab7 promotes melanogenesis through the
regulation of gp100 maturation in melanoma cells.
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INTRODUCTION
The Rab family of small G proteins are known to be key
regulators of intracellular vesicle traffic, including exocytosis
and endocytosis. In mammalian cells, more than 60 Rab
members have been identified, and each member localizes at
the surface of a distinct intracellular compartment (Pfeffer,
1999; Somsel Rodman and Wandinger-Ness, 2000; Takai
et al., 2001; Zerial and McBride, 2001). The Rab GTPases
serve as molecular switches that are activated on guanosine
triphosphate (GTP) binding and inactivated following nucleo-
tide hydrolysis, concomitantly cycling between the cytosol
(GDP-bound, inactive form) and the membranes (GTP-
bound, active form). To facilitate vesicle traffic, the GTPases
regulate one (or several) specific step of vesicle traffic via
recruitment of the tethering/docking and fusion factors and
the actin- and microtubule-based motor proteins (Wu et al.,
2001; Strom et al., 2002; Harrison et al., 2003; Kuroda et al.,
2003; Chabrillat et al., 2005).
Rab7 is present on late endosomes and lysosomes, and
controls membrane trafficking between early and late
endosomes (Press et al., 1998), and from late endosomes to
lysosomes (Feng et al., 1995; Meresse et al., 1995; Vitelli
et al., 1997). Rab7 has also been implicated in lysosome
biogenesis by regulating the heterotypic fusion between late
endosomes and lysosomes, and the homotypic fusion of
lysosomes (Bucci et al., 2000). Recently, some Rab7 target
proteins such as Rab-interacting lysosomal protein (Cantalu-
po et al., 2001; Harrison et al., 2003), Rab-interacting RING
finger protein (Mizuno et al., 2003), hVPS34/p150 (Stein
et al., 2003), proteasome a-subunit XAPC7 (Dong et al.,
2004), and oxysterol-binding protein homologue ORP1L
(Johansson et al., 2005) have been identified and character-
ized. In addition, we have recently identified Rab7 as a
melanosome-associated protein, being involved in the trans-
port of tyrosinase-related protein 1 (TYRP-1) and tyrosinase
from the trans-Golgi network (TGN) to melanosomes (Gomez
et al., 2001; Hirosaki et al., 2002).
Melanosome biogenesis consists of four stages of maturation
with distinct morphological and biochemical characteristics
that reflect subcellular processes of the transport of structural
and enzymatic proteins and their subsequent three-dimen-
sional organization as well as melanin deposition (Jimbow
et al., 2000). gp100/Pmel17/Silv is one of the most enigmatic
proteins in melanosome biogenesis. After synthesis, gp100 is
transported from the TGN to Stage I melanosomes, which
contain internal membranous vesicles that resemble late-
endosomal multivesicular bodies, and is cleaved into several
fragments, which form the fibrillar matrix of the organelle
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(Theos et al., 2005). In subsequent stages of maturation,
melanosomes undergoing eumelanogenesis always exhibit an
ellipsoidal shape and form regular parallel intralumenal fibers
(Stage II). Melanins are deposited on these fibrillae, resulting in
a progressively pigmented internal matrix (Stage III). Melanin
synthesis and deposition continue until little or no internal
structure becomes visible (Stage IV). However, the precise
mechanism of melanosome biogenesis is still unclear.
To clarify the molecular mechanism of melanosome
biogenesis in more detail, we analyzed the functional
relationship between Rab7 and gp100. Interestingly, we
found that Rab7 was colocalized with gp100 in Stage I
melanosomes. Moreover, our studies revealed that Rab7 may
play an important role in promoting the gp100 maturation.
RESULTS
Rab7 is colocalized with full-length gp100 in Stage I
melanosomes
To explore the functional relationship between Rab7 and
gp100, we first examined, using a confocal microscope, the
subcellular localization of Rab7 and the endogenous, full-
length gp100, which is distributed in Stage I melanosomes
and is recognized by the anti-gp100 antibody, aPEP13h
(Yasumoto et al., 2004). In addition to the full-length gp100,
however, aPEP13h is able to recognize the C-terminal
fragments (B27-kDa) of gp100 generated by proteolysis as
well (Figure 3a). However, the C-terminal fragments are not
carried over to Stage II and later-stage melanosomes, because
the fragments are unstable and rapidly degraded before the
stage of melanosome shifts from I to II (Berson et al., 2003;
Yasumoto et al., 2004). Therefore, this antibody detects solely
gp100 (full-length gp100 and its C-terminal fragments) that is
present in Stage I melanosomes in melanoma cells.
MMAc cells were transiently transfected with pEYFP empty
vector, pEYFP-Rab7-wild-type (WT), pEYFP-Rab7-Q67L (a
GTPase-deficient, dominant-active mutant), or pEYFP-Rab7-
T22N (a GDP-bound, dominant-negative mutant). We found
that yellow fluorescent proteins (YFP)-Rab7-WT and YFP-Rab7-
Q67L were visualized as punctuated structures and consider-
ably colocalized with the endogenous full-length gp100 in the
perinuclear region (Figure 1). When endogenous Rab7 was
detected using indirect immunofluorescence, essentially the
same result was obtained (data not shown). In contrast, YFP-
Rab7-T22N exhibited a diffuse intracellular localization pattern
and failed to colocalize with the full-length protein. Similar
results were obtained with endogenous MART-1, which was
reported to interact and colocalize with gp100 in melanoma
cells (De Maziere et al., 2002; Hoashi et al., 2005), thus
confirming that this gp100-interacting protein was partly
colocalized with YFP-Rab7-WT and YFP-Rab7-Q67L, but not
with YFP-Rab7-T22N in MMAc cells (data not shown).
To substantiate the melanosomal distribution of Rab7, we
investigated whether Rab7-WT and Rab7-Q67L were colo-
calized with lysosomal-associated membrane protein 2
(LAMP-2), which is colocalized with the full-length gp100-
stained with aPEP13h in the perinuclear region in melano-
cytes and SK-MEL-28 melanoma cells (Hoashi et al., 2005).
We also confirmed the colocalization between LAMP-2 and
aPEP13h-recognized gp100 in the perinuclear region in
MMAc cells (data not shown). As shown in Figure 2, YFP-
Rab7-WT and YFP-Rab7-Q67L, but not YFP-Rab7-T22N,
were colocalized exclusively with this marker protein (LAMP-2)
in the perinuclear region of MMAc melanoma cells. On the
other hand, the cis-Golgi marker GM130 and the endoplas-
mic reticulum marker KDEL failed to exhibit any colocaliza-
tion (data not shown). Taken together, these results suggest
that the GTP-bound form of the Rab7 protein is, at least
in part, distributed to Stage I melanosomes, with which the
full-length gp100 is associated in MMAc melanoma cells.
To validate that the GTP-bound form of Rab7 is associated
with Stage I, but not Stage II–IV, melanosomes, MMAc cells
were stained with another anti-gp100 antibody HMB45,
which recognizes only the processed, mature gp100 (Hoashi
et al., 2006) (Figure 3a). Interestingly, neither YFP-Rab7-WT
nor YFP-Rab7-Q67L was colocalized with the mature gp100
(Figure 3b), further supporting the localization of Rab7-WT
and Rab7-Q67L to Stage I, but not Stage II–IV, melanosomes.
These results collectively suggest that the GTP-bound
form of Rab7 protein is, at least in part, colocalized with
the full-length gp100 in Stage I melanosomes.
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Figure 1. Rab7-WT and Rab7-Q67L are colocalized with full-length,
immature gp100 in the perinuclear region. MMAc cells were transfected
with pEYFP empty vector, pEYFP-Rab7-WT, pEYFP-Rab7-Q67L, or
pEYFP-Rab7-T22N. After 2 days, the cells were fixed and immunostained
with aPEP13h and Alexa Fluor 594-conjugated secondary antibody. Bars,
10mm. Insets, 2 magnification of the indicated regions. Structures
colocalized for full-length gp100 and either Rab7-WT or Rab7-Q67L are
indicated by arrowheads.
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Rab7 and its dominant-active mutant (Rab7-Q67L) promote the
maturation of gp100
It is known that the cleavage events of gp100, as a part of its
maturation process, occur in Stage I melanosomes (Yasumoto
et al., 2004). Thus, the finding that Rab7-WT and Rab7-Q67L
were colocalized with the immature gp100 in Stage I
melanosomes led us to investigate whether Rab7 activity
plays a pivotal role in the regulation of the proteolytic
cleavage of gp100. To quantify mature gp100, we carried out
Western blot analysis of lysates from MMAc cells expressing
Rab7-WT and its mutants, using the anti-gp100 antibody
HMB45, which recognizes only the cleaved, mature forms of
gp100. It was confirmed that the mature gp100 was detected
as several bands in the 30-kDa range, including 32- and
29-kDa bands (Figure 4a, top panel), which are due to
proteolytic cleavage at multiple sites during the maturation
(Yasumoto et al., 2004; Hoashi et al., 2006). Interestingly, we
found that overexpression of the dominant-active mutant
(Rab7-Q67L) and, to a lesser extent, Rab7-WT significantly
increased the protein levels of the processed, mature forms of
gp100 (32- and 29-kDa bands) (Figure 4a, top panel and b).
However, although the dominant-negative mutant (Rab7-
T22N) was expressed at almost the same extent—or even
higher—compared with the WT protein and the dominant-
active mutant, respectively (Figure 4a, lower middle panel),
the mutant did not show such an effect. Rab7-T22N, if
anything, slightly decreased the protein levels of the mature
forms of gp100 (Figure 4b). On the other hand, the amounts
of full-length gp100 (100-kDa band) were not markedly
changed by the expression of Rab7-WT and Rab7-Q67L
(Figure 4a, upper middle panel and c). These results suggest
that Rab7 increased the amounts of mature gp100 by
enhancing its post-translational modification (proteolytic
cleavage) but not transcription/translation.
As shown in Figure 4b, the dominant-negative mutant
(Rab7-T22N) only slightly decreased the protein levels of the
mature forms of gp100. We speculated that the relatively low
effectiveness was probably caused by the low transfection
efficiencies (around 40%) of Rab7 cDNA constructs to MMAc
cells. It should also be noted that endogenous Rab7 is highly
expressed (when detected by anti-Rab7 antibody, signal
intensities of the over-expressed Rab7 bands were at most
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Figure 2. Rab7-WT and Rab7-Q67L are colocalized with LAMP-2 in the
perinuclear region. MMAc cells were transfected with pEYFP empty vector,
pEYFP-Rab7-WT, pEYFP-Rab7-Q67L, or pEYFP-Rab7-T22N. After 2 days,
the cells were fixed and immunostained with anti-LAMP-2 antibody and
Alexa Fluor 594-conjugated secondary antibody. Bars, 10 mm. Insets,
2 magnification of the indicated regions. Structures colocalized for
LAMP-2 and either Rab7-WT or Rab7-Q67L are indicated by arrowheads.
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Figure 3. Rab7-WT and Rab7-Q67L fail to be colocalized with processed,
mature gp100. (a) Schematic presentation of the processing and epitope
mapping of gp100 (Yasumoto et al., 2004). gp100 is shown as the complete
native protein at the top of the figure and in its processed/matured forms in the
middle and bottom of the figure. Potential N-glycosylation sites at 81, 106,
111, 321, and 568 are indicated. Val-467 (V467) refers to the potential
cleavage site (CS) during maturation of Stage I to Stage II melanosomes.
TM, transmembrane domain; inverted Ys, antibodies. (b) MMAc cells were
transfected with either pEYFP-Rab7-WT or pEYFP-Rab7-Q67L.
After 2 days, the cells were fixed and immunostained with HMB45 and
Alexa Fluor 594-conjugated secondary antibody. Bar¼10 mm.
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only two-fold higher than those of endogenous Rab7) (data
not shown). Thus, to circumvent the problem of the low
transfection efficiency, we performed small interfering RNA
(siRNA) experiments because the transfection efficiency of
short RNA (siRNA) is much higher (480%) than that of long
DNA (Rab7 cDNA constructs). Indeed, siRNA that specifi-
cally targets Rab7 (Jager et al., 2004) successfully and
significantly reduced Rab7 protein expression 76.776.3%
(mean7S.E., n¼4) in MMAc cells (Figure 5a, top panel), as
reported by Jager et al. (Jager et al., 2004). In marked contrast
to the over-expression experiments (Figure 4a, top panel and
b), the Rab7 siRNA significantly reduced the protein levels of
mature gp100 (32- and 29-kDa bands) compared with the
control siRNA (Figure 5a, upper middle panel and b). It is
expected that the levels of the 100-kDa band should increase
if the processing is disrupted. Indeed, the amount of full-
length gp100 (100-kDa band) was slightly but clearly
augmented by the Rab7 knockdown (Figure 5a, lower middle
panel and c). It is also possible that the siRNA knockdown
of Rab7 leads to mistargeting rather than defects in proces-
sing (proteolysis). However, abnormal localization of gp100
was not observed in MMAc cells transfected with Rab7
siRNA (data not shown). Taken together, these results further
support that Rab7 enhances the maturation of gp100 by
promoting the proteolytic cleavage of gp100 in Stage I
melanosomes.
DISCUSSION
Melanosome biogenesis consists of complex multistep
processes that involve protein synthesis, vesicle transport/
fusion, and post-translational modifications such as glycosy-
lation, proteolysis, and oligomerization. Moreover, these
processes are regulated in a complicated manner. Because of
the complexity, the detailed molecular mechanism of
melanosome biogenesis is still elusive. In particular, gp100
is one of the most enigmatic proteins involved in the
melanogenesis. This study shows that Rab7 plays an
important role in promoting gp100 maturation. Thus, Rab7
positively regulates the process of melanosome biogenesis via
not only transport of TYRP-1 and tyrosinase (Gomez et al.,
2001; Hirosaki et al., 2002) but also maturation of gp100.
Melanins are deposited on the fibrillar matrix formed by the
mature gp100, resulting in a progressively pigmented internal
matrix (Theos et al., 2005). Thus, a disruption of the gp100
maturation caused by the Rab7 dysfunction would lead to a
delay and/or reduction of the pigmentation. However, further
studies are required to elucidate how the reduced amount of
mature gp100 generally affects melanogenesis.
Rab7-Q67L and Rab7-WT were mainly localized in Stage
I melanosomes, where the full-length, immature gp100 was
present (Figures 1–3), but not in Stage II and later-Stage
melanosomes containing the mature gp100. Therefore, these
findings allow us to speculate that Rab7 is not involved in the
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Figure 4. Overexpression of Rab7-WT and Rab7-Q67L promotes the maturation of gp100. (a) MMAc cells were transfected with p3xFLAG-CMV empty
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Western blotting using anti-FLAG M2 antibody, aPEP13h, HMB45, or anti-actin antibody, as indicated. Equal amounts of protein were loaded in each lane.
(b and c) The band intensities of mature gp100 (32-þ 29-kDa bands detected by HMB45) (b) and full-length gp100 (100-kDa band detected by aPEP13 h)
(c) were quantified and then normalized for those of actin. The results represent the mean7SEM of the values obtained in five separate experiments. The value
of p3xFLAG-CMV vector-transfected cells was set at 100.
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later stages of gp100 maturation processes including stabili-
zation and fibrous matrix formation. Hence, it is possible that
Rab7 plays important roles in the expression of gp100 and/or
early processes of its maturation such as transport to Stage I
melanosomes and proteolysis there. Since the amount of full-
length gp100 (precursor, 100-kDa band in Figure 4a) was not
affected by the overexpression of Rab7-Q67L and Rab7-WT,
it is likely that Rab7 participates in the early processes of
gp100 maturation in the Stage I melanosomes but not in the
regulation of its expression. Although we analyzed the
subcellular localization of gp100 in MMAc cells transfected
with Rab7 siRNA, no significant changes were detected (data
not shown). Thus, we consider that defects in processing,
instead of mistargeting, of gp100, is the most probable
explanation for our results. If gp100 processing is accelerated
(Figure 4), it is predicted that the levels of the full-length
gp100 should be decreased. However, the amounts of the
precursor, the full-length gp100, were not changed (Figure 4).
As shown in Figure 5c, the amount of the full-length gp100
was slightly augmented by the Rab7 knockdown. However,
this slight increase does not fully explain the marked decrease
of the mature 29/32-kDa bands (Figure 5b). Although the
precise mechanism is still unknown, a potential explanation
of these results is that, in the maturation pathway, the
cleavage step may be rate limiting. In the experiment shown
in Figure 4, it is also expected that the amounts of the
C-terminal proteolytic product (27-kDa band in Figure 4a,
upper middle panel), which is also recognized by aPEP13h,
as well as the mature forms of gp100 (32- and 29-kDa bands
in Figure 4a, top panel), are simultaneously increased
because of the enhanced processing (proteolysis) of the full-
length gp100 (Figure 3a). Although significantly increased
levels of the mature forms were detected, however, such an
increase of the C-terminal 27-kDa band was not observed
(data not shown). The most probable explanation of this result
is that only the mature forms of gp100 are stably accumulated
in melanosomes, whereas the C-terminal 27-kDa fragment is
rapidly degraded (Yasumoto et al., 2004).
There are two possible mechanisms for promotion of
gp100 processing: (1) Rab7 enhances the transport of gp100
itself to Stage I melanosomes, where gp100 is processed, and
(2) Rab7 promotes the transport of enzymes and their
regulators that participate in the processing of gp100. As for
the first possibility, gp100 is reported to be transported from
the TGN to Stage I melanosomes directly and/or indirectly via
the plasma membrane and early/late endosomes (Raposo
et al., 2001; Valencia et al., 2006). Thus, it is possible that
Rab7 associated with Stage I melanosomes promotes vesicle
trafficking and membrane fusion between melanosomes and
either the TGN or early/late endosomes. We previously
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reported that Rab7 is involved in the transport of TYRP-1 and
tyrosinase from the TGN to melanosomes (Gomez et al.,
2001; Hirosaki et al., 2002). It is therefore interesting to
speculate that there are common transport mechanisms
underlying the conveyance of TYRP-1/tyrosinase and gp100
to their destination, melanosomes.
Regarding the second possibility, several factors were
reported to participate in the proteolysis of gp100. For
instance, pro-hormone convertase, which exists in the
endoplasmic reticulum, TGN, exocytotic vesicles, endo-
somes, and melanosomes (Peters et al., 2000; Thomas,
2002), was reported to cleave gp100 (Berson et al., 2003).
MART-1 interacts with gp100, and is involved in its
expression, stabilization, transport, and cleavage (Hoashi
et al., 2005). Overexpression of myosin Ib caused a marked
delay of the gp100 proteolysis (Salas-Cortes et al., 2005).
Thus, Rab7 may positively (pro-hormone convertase and
MART-1) or negatively (myosin Ib) regulate the supply
(transport) of, at least, one of these factors to melanosomes,
and thereby control the gp100 processing/maturation. Further
work is required to elucidate which one of these factors/
mechanisms is directly responsible for the Rab7-dependent
gp100 maturation.
The maturation (glycosylation) of TYRP-1 and tyrosinase
occurs in the Golgi apparatus. Thus, when restricted to
‘‘maturation’’, the effect of Rab7 is likely to be specific for
gp100. However, melanosome biogenesis consists of multi-
ple steps such as the transport of structural and enzymatic
proteins and their subsequent structural organization as well
as melanin deposition. Therefore, we rather consider that
Rab7 comprehensively and cooperatively regulates melano-
some biogenesis by controlling the transport of TYRP-1 and
tyrosinase, and the maturation (proteolytic cleavage) of
gp100.
In summary, this study, which deals with the complex
multistep processes of melanosome biogenesis, has provided
several lines of evidence indicating that Rab7 is involved in
gp100 maturation and enhances its processing in Stage I
melanosomes. Rab7 plays an important role in many vesicle
transport pathways. Thus, future studies exploring how Rab7
regulates gp100 maturation will provide further insight not
only into melanogenesis in melanocytes per se but also into
vesicular transport regulated by Rab7 in cells.
MATERIALS AND METHODS
Plasmid constructs
pGEM-canine Rab7 was prepared as described previously (Chavrier
et al., 1990; Bucci et al., 1994). Rab7-Q67L (a GTPase-deficient,
dominant-active mutant) and Rab7-T22N (a GDP-bound, dominant-
negative mutant) were generated using the QuikChange Site-
directed Mutagenesis Kit (Stratagene, La Jolla, CA). These WT and
mutant cDNAs of Rab7 were fused in frame with pEYFP-C1 (Takara-
Clontech, Tokyo, Japan) and p3xFLAG-CMV-7.1 (Sigma-Aldrich,
Tokyo, Japan).
Cell culture and transfection
MMAc human melanoma cells were the kind gifts of Drs Tetsuya
Moriuchi and Jun-ichi Hamada (Institute for Genetic Medicine,
Hokkaido University School of Medicine, Sapporo, Japan). MMAc
cells were maintained in Dulbecco’s modified Eagle’s medium
(Sigma-Aldrich) containing 10% fetal bovine serum at 37 1C in an
atmosphere of 5% CO2. MMAc cells were transiently transfected
with cDNAs using Effectene transfection reagent (Qiagen, Tokyo,
Japan) according to the instructions from the manufacturer. Two days
after transfection, cells were harvested for further analysis.
RNA interference
To silence the expression of human Rab7 (GenBank accession
number: NM 004637), the following oligonucleotides (iGENE
Therapeutics, Tsukuba, Japan), which had already been reported to
successfully knockdown Rab7 (Jager et al., 2004), were used: (50-
cgguuccagucucucggug-ag-30) and its complementary sequence (50-
caccgagagacuggaaccg-au-30) (nucleotides 205–223 in the open
reading frame). As a negative control, the following oligonucleotides
targeting green fluorescent protein, which is not expressed in
mammalian cells, were used: 50-acggcaucaaggugaacuucaagau-ag-30
and its complementary sequence (50-aucuugaaguucaccuugaugccgu
au-30). The annealed oligonucleotide duplex was transfected into
cells using HiPerFect Transfection Reagent (Qiagen) according to the
instructions from the manufacturer. Three days after transfection,
cells were harvested for further analysis.
Antibodies
Anti-Rab7 rabbit polyclonal antibody was raised against the
C-terminal peptide of Rab7 (KQETEVELYNEFPEPIKLDKNDRAKT
SAESCSC, amino acids 175–207) (Chavrier et al., 1990; Feng et al.,
1995; Dong et al., 2004). aPEP13h (rabbit polyclonal antibody)
reactive to the full-length gp100 and its truncated C-terminus was
kindly provided by Dr Vincent J. Hearing (Laboratory of Cell
Biology, National Cancer Institute, National Institutes of Health,
Bethesda, MD). HMB45 (mouse monoclonal antibody) for the
processed internal domain of gp100 was purchased from Lab Vision
(Fremont, CA). Anti-LAMP-2 mouse monoclonal and anti-actin goat
polyclonal antibodies were purchased from Research Diagnostics
(Concord, MA) and (Santa Cruz Biotechnology, Santa Cruz, CA),
respectively. Anti-FLAG M2 mouse monoclonal antibody was
purchased from Sigma-Aldrich.
Western blot analysis
MMAc cells grown on 60-mm dishes were transiently transfected
with siRNAs or plasmids encoding different forms of Rab7. Mock
transfections were performed using empty vectors. Transfected
MMAc cells were washed twice with phosphate-buffered saline
(PBS). The transfected cells were lysed in 500 ml lysis buffer
containing 150 mM NaCl, 20 mM Tris-HCl, pH 7.4, 1 mM EDTA,
1 mM phenylmethylsulfonyl fluoride, and protease inhibitor cocktail
(one tablet/50 ml, Roche Diagnostics, Tokyo, Japan). After the cells
were lysed by sonication, followed by centrifugation at 400 g for
5 minutes, the supernatant was mixed with its one-fourth volume of
SDS-sample buffer (125 mM Tris-HCl, pH 6.8, 10% SDS, 50%
glycerol, 10% 2-mercaptoethanol, 0.005% bromophenol blue), and
boiled for 5 minutes. Protein concentrations were measured using
the BCA protein assay (Pierce Biotechnology, Rockford, IL). Equal
amounts of protein were separated on 12% SDS-PAGE. The
separated proteins were transferred to a polyvinylidene difluoride
membrane (Bio-Rad Laboratories, Tokyo, Japan) and blocked with
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Block Ace (Dainippon Pharmaceutical, Tokyo, Japan). The mem-
brane was incubated with aPEP13h, HMB45, anti-actin antibody,
anti-FLAG M2 antibody, or anti-Rab7 antibody in 10% Block Ace for
1 hour. The immunoreactive bands were visualized using perox-
idase-conjugated anti-mouse, anti-rabbit, or anti-goat IgG antibody
(Jackson ImmunoResearch Laboratories, West Grove, PA), and the
ECL Plus Western blotting detection system (GE Healthcare Bio-
Sciences, Piscataway, NJ). To measure the relative density of
immunoreactive bands, images were scanned and analyzed by
Image J software (National Institutes of Health, Bethesda, MD).
Fluorescence microscopy
MMAc cells were grown on poly-L-lysine-coated glass coverslips
and transiently transfected with the control vector or cDNAs
encoding Rab7-WT and its mutants fused with YFP. After 2 days,
MMAc cells were washed twice with PBS and fixed with 3.7%
formaldehyde in PBS for 10 minutes at room temperature. After
being washed twice with PBS, the cells were permeabilized with
0.1% Triton X-100 in PBS for 5 minutes at room temperature. After
being washed twice with PBS, the cells were incubated in PBS
containing 2% BSA for 30 minutes at room temperature as a block-
ing step. The cells were then incubated in 10% Block Ace/PBS
containing aPEP13h, HMB45, or anti-LAMP-2 for 1 hour at room
temperature. This was followed by incubation with the correspond-
ing secondary antibodies, that is, goat anti-rabbit IgG or goat anti-
mouse IgG coupled with Alexa Fluor 594 (Molecular Probes,
Eugene, OR). The coverslips were mounted using Vectashield
(Vector Laboratories, Burlingame, CA). Stains in cells were observed
using an inverted confocal laser scanning microscope (Zeiss LSM
510). Images were processed using Adobe Photoshop 8.0.1 (Adobe
Systems, San Jose, CA).
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